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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Same building, four floors apart. 

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 19
Number of Shots: 35

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Nathan Basisty: How cells maintain protein homoeostasis is not well understood for many systems, particularly in the context of cellular stress and senescence. This method provides a simple and accurate way to calculate protein turnover, a key component of protein homoeostasis, in living cells.

REQUIRED: What is the main advantage of this technique?
1.2. Matthew Payea: Pulsed SILAC gives an experimenter the ability to analyze turnover of individual proteins and proteome scale in a high-throughput way that is also much authentic to the biological system than other methods.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Nathan Basisty: Neurodegenerative disease are particularly known for dysfunctional protein homeostasis. This protocol is an excellent way to globally measure such changes in a biologically meaningful way. 

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Matthew Payea: The principes of this method can be applied to any system that can be metabolically labeled, including whole organisms. Applications of this method will provide important insights into cellular senescence, aging and neurodegenerative diseases.   

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Nathan Basisty: Mass spectrometry analysis is highly sensitive to certain chemical contaminants such as detergents. Be sure to use LC-MS compatible reagents throughout the preparation to ensure high quality mass spectrometry data collection. 


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19469723

2. Labeling of Cells Pulsed SILAC and Harvest of Lysates
2.1. To begin the metabolic labeling of the cells [1], replace the media for three plates each of senescent and quiescent cells with 30 milliliters of SILAC light media [2-TXT]. Authors: How should the JoVE voiceover talent pronounce SILAC? “Sigh-lack”
2.1.1. WIDE: Establishing shot of talent working on the lab benchin a cell culture hood. Cell plates and media container in view.
2.1.2. Talent replacing/ adding media senescent and quiescent cells containing plates from the incubator. SILAC: Stable Isotope Labeling of Amino Acids in Cell Culture

2.2. Separately, replace the medium for three senescent and three quiescent plates with 30 milliliters of SILAC Heavy. Grow the cells for 3 days without changing the medium [2-TXT].
2.2.1. CLOSE: Image of two media containers labeled SILAC Heavy and SILAC Light. Talent’s hand reaches for the heavy container.
2.2.2. Talent adding SILAC Heavy medium to the senescent and quiescent plates. TXT: Refer to Table 1 for all media and buffer composition 

2.3. To detach the cells from the culture plates, add 5 milliliters of pre-warmed trypsin reagent to each plate [1] and incubate the plates for 5 minutes at 37 degrees Celsius [2].
2.3.1. Talent adding pre-warmed trypsin to the plates.
2.3.2. Talent placing the plates into the incubator. 

2.4. Later, resuspend the detached cells in 5 milliliters of the same media used for culture to a total volume of 10 milliliters [1].
2.4.1. Talent resuspending detached cells in a medium (either SILAC Light or SILAC Heavy).

2.5. Next, transfer the cells to ice [1] and centrifuge the cells at 300 x g at 4 degrees Celsius [2].
2.5.1. Talent transferring cells to ice.
2.5.2. Talent placing the tube in a centrifuge. 

2.6. After washing the pellet twice, spin down the cells again and remove the supernatant [1] before resuspending the pellet in 150 microliters of freshly prepared 8 molar urea and 50 millimolar ammonium bicarbonate lysis buffer [2]. Mix the content of the tube by pipetting up and down [1].
2.6.1. Talent removing the supernatant from tube.
2.6.2. Talent resuspending the pellets in lysis buffer.
2.6.3. Talent mixing the content by pipetting. 


3. In-Solution Trypsin Digestion and Sample Clean-Up with Solid-Phase Extraction (SPE)
3.1. Aliquot 50 micrograms of the protein sample into a new tube [1] and bring up the volume with lysis buffer [2]. Then, add DTT to a final concentration of 20 millimolar to the tube [3] and incubate the sample at 37 degrees Celsius for 30 minutes with shaking [4]. Authors: Is full form of the DTT as Dithiothreitol? Please confirm? Yes
3.1.1. WIDE: Talent aliquoting protein samples to new tube. 
3.1.2. Talent adding lysis buffer to the tube.
3.1.3. Talent adding DTT to the tube. 
3.1.4. Talent placing the sample on a shaking incubator and turning it on.

3.2. Allow the sample to cool at room temperature for 10 minutes before adding iodoacetamide to a final concentration of 40 millimolar [1], and incubating at room temperature in the dark for 30 minutes . Then, dilute the sample to below 1 molar urea with a 50 millimolar ammonium bicarbonate buffer [2].
3.2.1. Talent adding iodoacetamide to the tube, putting the tube rack in a drawer, and closing the drawer. 
3.2.2. Talent diluting protein samples/Talent adding ammonium bicarbonate buffer to the tubes. 

3.3. Add 1 microgram of trypsin for 50 micrograms of starting protein or at 1:50 trypsin: protein ratio to the sample [1]. Incubate the sample overnight at 37 degrees Celsius with shaking to digest proteins into peptides [2].
3.3.1. Talent adding trypsin to the tubes. 
3.3.2. Talent placing the samples on a shaking incubator and turning it on. 

3.4. The next day, add formic acid to 1% by volume of the sample to quench the protein digestion [1].
3.4.1. Talent adding formic acid to the tubes. 

3.5. For the sample clean-up, place a solid-phase extraction cartridge on a vacuum manifold. Using one extraction cartridge for each sample according to the manufacturer’s guidelines [1].
3.5.1. Talent placing SPE cartridges on a vacuum manifold.

3.6. After the extraction, remove the peptide samples from the vacuum manifold [1] and dry them completely in a vacuum concentrator. Drying takes approximately 3 hours [2].
3.6.1. Talent removing the peptide samples from the vacuum manifold.
3.6.2. Talent placing the samples in a vacuum concentrator. 


4. Data-Dependent Acquisition Mass Spectrometry Analysis and Calculation of Protein Half-Lives
4.1. For the mass spectrometry or MS (M-S) analysis, resuspend the peptide sample at a concentration of 400 nanograms per microliter in a 0.2% formic acid buffer [1]. To re-solubilize the peptides, vortex the sample for 5 minutes [2]. Then, sonicate for 5 minutes in a water bath sonicator [3].
4.1.1. WIDE: Talent resuspending peptide samples in a formic acid buffer. 
4.1.2. Talent vortexing sample containing tubes.
4.1.3. Talent placing the tubes in a water bath sonicator. 

4.2. Then, centrifuge the sample to pellet the insoluble materials [1-TXT] and transfer the peptide supernatants into MS vials [2].
4.2.1. Talent placing the tubes in a centrifuge. TXT: 15 min, 15,000 x g at 4 °C
4.2.2. Talent transferring the peptide supernatants into MS vials.

4.3. Submit the samples for the proteomic analysis using liquid-chromatography tandem mass spectrometry or LC-MS/MS (L-C-M-S/M-S) [1]. Use the settings recommended for untargeted analysis by the mass spectrometry facility [2].
4.3.1. Talent with LC-MS instrument.
4.3.2. SCREEN: To be uploaded by Authors: Selecting LC-MS/MS settings recommended for untargeted analysis

4.4. Load the samples onto an analytical column with a flow rate of 400 nanoliters per minute [1]. Elute the peptides over a 90-minute linear gradient using a mixture of organic and inorganic solvents with the organic solvent ranging from 5 to 35% [12-TXT].
4.4.1. Talent loading samples onto an analytical column.
4.4.2. SCREEN: To be uploaded by Authors: Setting liquid chromatography flow gradient method/LAB MEDIA: Figure 3B TXT: Organic solvent: 0.2 % formic acid, 99.8% acetonitrile; Inorganic solvent: 0.2% formic acid in 99.8% water

4.5. Acquire mass spectrometry data in the data-dependent mode with a continuous cycle of MS1 (M-S-one) survey scans, followed by 20 data-dependent MS2 scans with HCD (H-C-D) fragmentation [1-TXT].
4.5.1. SCREEN: To be uploaded by Authors: Acquiring MS data in data-dependent mode/LAB MEDIA: Figure 3C TXT: See text for all parameter details 

4.6. Quantify the peptide peak areas for heavy and light peptides in proteome quantitation software tool [1]. Then, export the heavy and light peptide peak areas [2].
4.6.1. SCREEN: To be uploaded by Authors: Peptide peak areas for heavy and light peptides being quantified.
4.6.2. SCREEN: To be uploaded by Authors: Heavy and peak areas being exported.

4.7. For the calculation of protein half-lives, open the SILAC Analysis Workbook to the first sheet named Raw Data and paste in the UniProt (Uni-prot) IDs (eye-dees), gene names, heavy and light peak areas into the indicated columns [1].
4.7.1. SCREEN: To be uploaded by Authors: SILAC Analysis Workbook being opened to the first sheet Raw Data and UniProt IDs, gene names, heavy and light peak areas being pasted into the respective columns.

4.8. Then, open the fourth sheet named Analysis and remove the rows where columns G (single letter ‘G’) and H (single letter ‘H’) indicate that the sample is out of range and keep rows that read within the range [1].
4.8.1. SCREEN: To be uploaded by Authors: Fourth sheet Analysis being opened and from columns G and H, rows with samples showing out of range are being removed. 
4.8.2. 

Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

2.2
3.1
4.3
4.7

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 167. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

5. Results: Measurement of Protein Turnover Rates in Senescent and Non-Dividing Cultured Cells using pSILAC Mass Spectrometry
5.1. The senescent phenotypes were validated using the senescence-associated β (beta)- galactosidase activity [1] and RT-qPCR (R-T-Q-P-C-R) analysis [2]. For the β- galactosidase activity, the senescent cells appeared blue [3], while the quiescent control cells had no or minimal color [4].
5.1.1. LAB MEDIA: Figure 2 Video Editor: Please emphasize Figure 2A
5.1.2. LAB MEDIA: Figure 2 Video Editor: Please emphasize Figure 2B
5.1.3. LAB MEDIA: Figure 2A Video Editor: Please emphasize blue color cells from the left senescence image
5.1.4. LAB MEDIA: Figure 2B Video Editor: Please emphasize the quiescence image on the right

5.2. In the RT-qPCR analysis [1], the senescent cells displayed higher IL6 (Interleukin-six), CXCL8 (C-X-C-L-eight), and CDKN1A/p21 (C-D-K-N-1-A-P-twenty-one) mRNAs (m-R-N-aise) [2] compared to the quiescent cells [3]. Conversely, the level of LMNB1 (L-M-N-B-“lamin-bee” one) encoding for proliferation marker was low or absent in the senescent cells [4]. Authors: How should the JoVE voiceover talent pronounce CXCL8, CDKN1A/p21, and LMNB1? Please confirm that the pronunciation guides (red italics font) for CXCL8, CDKN1A/p21, and LMNB1 are correct?correct except for LMNB1 was revised.
5.2.1. LAB MEDIA: Figure 2B
5.2.2. LAB MEDIA: Figure 2B Video Editor: Please sequentially emphasize on CDKN1A, CXCL8 and IL6 (red) bars from senescent cells 
5.2.3. LAB MEDIA: Figure 2B Video Editor: Please sequentially emphasize on CDKN1A, CXCL8 and IL6 (gray) bars from senescent cells 
5.2.4. LAB MEDIA: Figure 2B Video Editor: Please emphasize LMNB1 labeled bars


5.3. The extracted ion chromatograms of peptides revealed the relative proportion of heavy and light peptide signals [1]. A lower proportion of heavy peptide signals relative to light senescent cells indicated a slower protein turnover rate [2], and a higher heavy peptide signal relative to light indicated a faster protein turnover rate [3].
5.3.1. LAB MEDIA: Figure 4
5.3.2. LAB MEDIA: Figure 4A Video Editor: Please emphasize the lower senescent (Day 3) graph
5.3.3. LAB MEDIA: Figure 4B Video Editor: Please emphasize the blue line from the lower senescent (Day 3) graph

5.4. The unlabeled samples showed little or no heavy peptide signal [1].
5.4.1. LAB MEDIA: Figure 4 Video Editor: Please emphasize red peaks from all right unlabeled Day 0 graphs

5.5. The half-lives for 695 proteins identified from the mass spectrometry analysis were calculated [1]. The half-life is reported as a log2 (log-two) ratio of senescent over quiescent cells [2] and plotted in a volcano plot [3].
5.5.1. LAB MEDIA: Table 3 Video Editor: Please emphasize on Quiescent Half-Life and Senescent Half-Life Columns from sheet 4) Analysis and quickly scroll through the table
5.5.2. LAB MEDIA: Table 3 and Figure 5B Video Editor: Please emphasize Log2 Ratio column from sheet 4) Analysis and quickly through the table. Also, emphasize on log2FC column from Figure 5B
5.5.3. LAB MEDIA: Figure 5A


Conclusion
1. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
1.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
1.2. Matthew Payea: Following the calculation of protein turnover rates in senescent cells, downstream pathway analysis may reveal candidate biolical pathways and functions that are being regulated by proteostasis mechanisms. 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
1.3. Nathan Basisty: Stable Isotope Labeling of Amino Acids in Cell Culture paved the way for researchers to study protein dynamics with unprecedented granularity and throuput, enabling us to identify changes in the regulation and homeostasis of proteins that are otherwise not detectable as changes in abundance. 


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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